Background. Lymph node metastasis in patients with gastric cancer is one of the important prognostic factors. However, there is no consensus concerning the best classification for lymph node metastasis as a prognostic factor. So, to evaluate the ratio of the number of metastatic lymph nodes to the total number of dissected lymph nodes (the ratio of LN meta) as a prognostic factor, we compared the ratio of LN meta with lymph node status according to the Japan Classification of Gastric Carcinoma and the total number of metastatic lymph nodes with multivariate analysis. Methods. Between 1991 and 1997, a total of 360 patients with primary gastric cancer who underwent gastrectomy with D2 or more extended lymph node dissection were included in this study. Ten kinds of prognostic factors and three types of different classifications for lymph node metastasis were analyzed by multivariate analysis using the Cox regression. Results. The average number of dissected lymph nodes and metastatic lymph nodes were 55.0 (range, 11-184) and 2.6 (range, 0-86), respectively. There were significant differences of the 5-year cumulative survival rates among each group of the ratio of LN meta (0%, 1%-9%, 10%-24%, and more than 25%). Age, tumor size, curability, and the ratio of LN meta were selected as independent prognostic factors by forward stepwise selection. The ratio of LN meta showed the highest hazard ratio by Cox regression. Conclusion. The ratio of LN meta appears to be an important prognostic factor and the best classification factor for lymph node metastasis.
Introduction
The survival of gastric cancer patients has recently improved because of early detection and several therapeutic modalities. However, gastric cancer is still a major cause of cancer death in Japan. Thus, it is important to reveal the prognostic significance in gastric cancer to obtain further improvement of therapeutic efficacy. Distant metastasis and depth of invasion are well known as strong prognostic factors [1] [2] [3] [4] . Also, lymph node metastasis is considered an important prognostic factor [4] [5] [6] [7] [8] [9] . In Japan, the extent of lymph node metastasis is classified by anatomical station of lymph node according to the Japanese Classification of Gastric Carcinoma (JCGC) [10] . In Western countries, extent of lymph node metastasis is classified by the number of regional lymph node metastases according to the International Union against Cancer (UICC) tumor node metastasis (TNM) staging categories [11] . Several investigators [6, [12] [13] [14] [15] [16] have emphasized that the number of metastatic lymph nodes is a most reliable indicator as a prognostic factor.
There have been some reports [17] [18] [19] that the ratio of the number of metastatic lymph nodes to the total number of dissected lymph nodes (the ratio of LN meta) was more useful as a prognostic factor. It seems that the total number of metastatic lymph nodes is affected by the total number of lymph nodes dissected. We considered that the ratio of LN meta was capable of being a reliable classification. So, to reveal the most reliable classification of lymph node metastasis in gastric cancer patients without liver metastasis, peritoneal dissemination, and other distant metastasis, these three classifications of lymph node status were retrospectively compared with other kinds of prognostic factors by multivariate analysis using the Cox regression [20] .
Patients and methods
Between January 1, 1990 and December 31, 1997, a total of 360 patients with primary gastric cancer who underwent gastrectomy with D2 or more extended lymph node dissection were included in this study. Patients with liver metastasis and peritoneal dissemination were excluded from the study.
Lymph nodes, after fixation in 20% formalin solution, were evaluated by sectioning into a slice in the plane of largest dimension of the node. Hematoxylin and eosinstained slides were examined under a light microscope.
Three types of classifications for lymph node metastasis were as follows: groups (n0, n1, n2, n3, n4) of metastatic lymph nodes according to the JCGC, the total number of metastatic lymph nodes, and the ratio of LN meta. In the evaluation of the total number of metastatic lymph nodes, patients were divided into following four groups: 0, 1-6, 7-15, and more than 16. They were also divided into four groups as to the ratio of LN meta: 0%, 1%-9%, 10%-24%, and more than 25%. Cumulative survival rates were compared among each group in their respective classifications.
We selected the following ten prognostic factors: age, sex, tumor size, main tumor location, histological type, depth of invasion, lymphatic and venous invasion, level of lymph nodes dissection, and curability. Main tumor location of the stomach was divided into upper, middle, and lower portion; histological type was divided into differentiated and undifferentiated type; and depth of invasion (t1, t2, t3, t4), level of lymph node dissection (D2, D3, D4), and curability (A, B, C) were classified according to the JCGC. Lymphatic and venous invasion were divided into negative and positive. Three types of classifications for lymph node metastasis were compared with these prognostic factors by multivariate analysis.
Cumulative survival rates were calculated by the Kaplan-Meier method, and statistical significance was evaluated by log-rank test. The Statistical Package for the Social Sciences (SPSS 8.0, Chicago, IL, USA) for the Microsoft Windows program was used for simultaneous multivariate adjustment of all covariates by Cox regression analysis. Forward stepwise regression analysis (likelihood-ratio statistic) was performed to select good predictors of survival. The relative risk of death was compared by using exponential coefficient [exp( )]. A P value of less than 0.05 was considered to be statistically significant.
Results

Clinicopathological and surgical features
The median age of patients was 61.7 years (range, 92-31). The ratio of male to female was 2.19 : 1. The proportion of tumors in the upper, middle, and lower portion of the stomach was 15.6%, 40.6%, and 43.8%, respectively. The median tumor size was 44.7 mm (range, 5-155 mm). The proportion of lymph node dissection was 73.1% in D2, 21.4% in D3, and 5.6% in D4. Proportion of depth of invasion, lymphatic invasion, venous invasion, lymph node dissection, and curability are shown in Table 1 . The major reason for resulting in curability C was the remnant of metastatic lymph nodes without dissection. JCGC, Japanese Classification of Gastric Carcinoma; ratio of LN meta, the ratio of the number of metastatic lymph nodes to the total number of dissected lymph nodes
Lymph node status
The average numbers of dissected lymph nodes and metastatic lymph nodes were 55.0 (range, 11-184) and 2.6 (range, 0-86) in a total of 360 gastric cancer patients. Those were 48.1 (range, 11-113) and 0.9 (range, 0-27) in D2 dissection, 71.1 (range, 21-131) and 5.5 (range, 0-86) in D3, and 86.2 (range, 39-184) and 11.8 (range, 0-70) in D4, respectively. The proportion of each group according to JCGC, the total number of metastatic lymph nodes, and the ratio of LN meta are shown in Table 1 .
Morbidity and mortality
Of 75 deceased patients, 29 died of other diseases. Two patients died within 30 days after surgery because of intraperitoneal bleeding; one patient had undergone total gastrectomy and pancreaticosplenectomy with D4 dissection and the other patient distal gastrectomy and cholecystectomy with D3. The major complications after surgery were intraperitoneal bleeding (7 cases), intraperitoneal abscess (15 cases), anastomotic leakage (16 cases), and leakage of pancreatic juice (16 cases). Surgical morbidity and mortality rates were 18.1% and 2.8%, respectively. Figure 1 shows the survival curves for five groups according to JCGC of lymph node metastasis. There were no significant differences between n2 and n3-n4, n3, and n4. Figure 2 shows the survival curves for four groups divided by the total number of metastatic lymph nodes. There was no significant difference between 7-15 and more than 16. Figure 3 shows the survival curves for four groups divided by the ratio of LN meta. There were significant differences among each group.
Survival rate
Comparison of the hazard ratios
Ten prognostic factors and each of three types of different classifications were analyzed by Cox regression (forced entry method) (Tables 2-4) . In all There were significant differences between n0 and n1-n4, n1, and n2-n4 (P Ͻ 0.005; log-rank test)
Fig. 2.
Comparison of cumulative survival rates according to the total number of metastatic lymph nodes. There were significant differences rates among each group except for 7-15 vs. more than 16 (P Ͻ 0.005; log-rank test) Fig. 3 . Comparison of cumulative survival rates according to the ratio of the number of metastatic lymph nodes to the total number of dissected lymph nodes. There were significant differences among each group (P Ͻ 0.005; log-rank test) analyses, curability showed the highest exp( ), and lymph node metastasis according to each of three different classifications showed higher exp( ) than lymph node dissection and depth of invasion (Tables  2-4 ). All factors including three types of different classification of lymph node metastasis were analyzed by forward stepwise selection with Cox regression (Table 5) . Age, size, curability, and the ratio of LN meta were selected as independent prognostic factors. The ratio of LN meta showed the highest exp( ) among the independent prognostic factors.
Discussion
Grouping of lymph nodes according to the JCGC depends upon location of primary tumor and is decided by anatomical-physiological lymphatic flow. Skip metastasis [21] [22] [23] is one of the important problems on JCGC classification. Even one lymph node with skip metastasis changes the stage. Skip metastasis sometimes is a cause of stage migration. There were no significant differences in survival rates among n2-n4 in this study, and patients with n3 showed the same survival rate as those with n2. This result suggests that it may not be necessary to divide n2 and n3 in respect to prognosis. The new grouping of lymph node metastasis proposed by the Japanese Classification of Gastric Carcinoma [24] was defined mainly on the basis of efficacy of dissection [23] . However, we have not yet evaluated the new classification of lymph node metastasis as a prognostic factor at present study. It is expected to be a candidate for an important prognostic factor. Isozaki et al. [12] reported that the 5-year survival rate was significantly different among four groups (0, 1-4, 5-10, and more than 11) according to the total number of metastatic lymph nodes. In this study, groups of the total number of metastatic lymph nodes were divided by referring to the TNM classification, except for including lymph nodes on the posterior surface of the pancreatic head, along the superior mesenteric vein and the middle colic vessel, and around the abdominal aorta. Survival rate according to the total number of metastatic lymph nodes was significantly different among each group, except 7-15 vs. more than 16. Roder et al. [6] reported the usefulness of TNM classification. There were highly significant differences in the survival rates among pN1, pN2, and pN3. Thus, we calculated survival rates of patients accurately followed by TNM classification. The population and survival rate of each group according to TNM classification were almost the same as those according to the total number of metastatic lymph nodes as described in this study (data not shown). These results suggest that patients with extended lymph node metastasis have also a large number of metastatic lymph nodes in the regional lymph nodes, mainly due to the setting of a cutoff point.
Wu et al. [15] described significant prognostic differences between patients with 8 or fewer metastatic lymph nodes and those with 9 or more. Three other investigators [5, 12, 13] showed significant differences of survival rate with cutoff points of 9-13. Roder et al. [6] considered that those discrepancies could be explained with small patient populations and other different backgrounds. We considered that it was difficult to compare the prognostic difference of the total number of metastatic lymph nodes among many institutions, because the difference of the total number of dissected lymph nodes might change the total number of metastatic lymph nodes. So, we considered the ratio of LN meta.
The four groups (0%, 1%-9%, 10%-24%, and more than 25%) in the evaluation of the ratio of LN meta were determined in the light of survival rate. Kwon and Kim [17] reported that significant correlation was found between the relative risk of death and the ratio of LN meta in advanced gastric cancer patients, when patients were grouped as 1%-15%, 16%-30%, and more than 31%. However, survival rates were not significantly different between 16%-30% and more than 31%. Kim et al. [19] reported that there were significant survival differences according to the ratio of LN meta when patients were divided into the ratio of 0%, up to 10%, up to 30%, up to 50%, and more than 50%. We also demonstrated significant differences in survival rates among each group of the ratio of LN meta using our grouping system. Therefore, the ratio of LN meta appeared to be a most reliable classification of lymph node metastasis with univariate analyses.
To evaluate the reliability of the classification for lymph node metastasis, we performed multivariate analysis with ten prognostic factors and three types of different classification for lymph node metastasis using the Cox regression (forced entry method). Each classification of lymph node metastasis showed higher hazard ratio (exp( )) than the other prognostic factors except for curability. To determine the independent prognostic factor, we then performed forward stepwise Ratio of LN meta, the ratio of the number of metastatic lymph nodes to the total number of dissected lymph nodes selection. Age, size, curability, and the ratio of LN meta were selected as independent prognostic factors. The ratio of LN meta (the hazard ratio of more than 25% to 0%) showed the highest hazard ratio among these prognostic factors by Cox regression (likelihood method).
In conclusion, lymph node metastasis and curability were considered to be significant prognostic factors, and the ratio of LN meta appeared to be the best classification for lymph node metastasis as a prognostic factor in gastric cancer patients without distant metastasis.
